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AFTERIMAGES IN TUE VISUAL SYSTEM

L.T. Zagorul'ko (Leningrad)

The well regulated and coordinated activity of the central

nervous system is the result of long adaptation and development and

is the sum of the species and individual experience of animals and

man. The discovery of the conditioned reflex by I.P. Pavlov and his

explanation of this phenomenon as the temporary pathway between ac-

tivc loci of the brain has made It possible to elucidate the mech-

anism by which nervous coordinations arise. L.A. Orbeli had already

long ago (1920-1922) proved his theory that unconditioned reflexes

pass through a temporary pathway phase during their initial formatlon;

"the study of conditioned reflexes has shown us the paths which the

functional evolution of the nervous system takes, thc ready-madi, co-

ordinational relationships with which wc arc born were f'ormrnl over

the milleniums, in accordance with the same basle laws which govein

the formation of' new conditioned coord.[national v'ejat[oniWhlpa diiring

the weeks and even days and hours, of' our individual lives" (L. A.

Orbell ). While we may_ already det,ect ready-rnade, nta1li, ,uosrilnal onn

imparted by heviI lly ill lt- lOWc'. divislowin o1' thii (oneIra] n.ri'voue:

system, In t hie aetivilict o1' INh• loci which lhy (-Ytro(V:a., n;om011hiw

,nt I roly dlifl'eten occurcn "in the crrchr'l corlvX, whl,hl .Iii 1hr ap-

pa ratus of' In d.ividual adaptation ani 1:; yowir iwd f:,-,, V'rorl. 11xId

S~i,'.,lat ionlsh Ips" (I,.A.. rb'lwi.

A', uial l., iin dcvolop •n., condtioI. 0hni t 'l Q't'8, ,h:,' ? ' -'1. rl. I

iilll mlt c1 i p n' ilcdi I t of 1'orail1: :on fn 'i -l ' . . . .' ,' , ..... o,-
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-pathways between different sections of the corteX. The pfbocess 6f......

irradiation of excitatory impulses characterizes the cerebral cortex

as a system which is diffuse in the functional sense. Of all the nor- -.

S-" '¥ vous elements, it is the cortical elements in which this functional

diffuseness inheres to the greatest degree. Thus, the cortical ele-

-ments are younger and exhibit functional properties characteristic

of early nervous elements to a greater degree than do the cells of

other divisl8on of the central nervous system; by virtue of this,

they present unlimited possibilities for individual adaptation. In-

deed, during the development of conditioned reflexes (or nervous co-

ordinations), those functional relationships are established under

which excitation is propagated through nervous elemor,.n (of the, ccr-

tex) along rigidly defined pathways fixed by the natural conditlions

of the individual 's life or of tho labotatory experiment. The abli-

ty of the elements or the central nervous system to (hdvvopdljt,,I,.d,

Itxed r•nwvt-lons is explained by the intervcntion o1' I-lic p'occ.•s of

inhibition. Consequently, all coor,.linated acto ,ffvel.Vd by Owm cniiLial

system reflect. a complex f"unctional .ttt.a' chavactroized by the [wcs-

once of souveal zimullanvounly and ocquentlal~y occuirrIng, pm'o(,nn.:le;

the procezsoes of excitataion and inhibition and lilt eomutu'us which they

lako and IIhI( ptroceeos of' positive and li(2lpativ(, auld "Jmullamlwolwi; :and

(, quotial iI•Ichl Ion.

lf'o||1 I his poi1t of' view, t he study of* I ll. ac .Ivlt,, ,,' -h'nmaii s,.m:',

OI'.I1s In oI' 1 •vv'eat. t heovetlcal and pi'act. cal Isi.,' res t 1.h14 ti h,' lialdI

1I 1.l heos'c il ly 1.t 11100141 10i01 1 o knov. til, phyAlolo,'i,:i l u,',Ir,,isms;

which govetll Ili the e'.'lopmiI I| ol 1 i .t]:; U.rIaof'li l d p':l'i,'|p.iOI of'

•omw or more1 1't O rn' ] ¶n-I Ip .1tt:; of -im].ll anu ; .. l''mif L1 v i .l 1.01111 .111 I),.1

bmI~', 0. ()11 tilt" 01 ii' 1' han .d, ii iý; of pl'act' i.er, .hp'- t/,u '. ¶0 k'io Wi ',wh

-T ,,



. system which results from a diseased condition affecting certain

-.......... sections of the brain.

The teachings of I.M.Sechenov and I.P. Pavlev on the physiology

of the brain were further developed in L.A. Orbeli's teachings on

the interaction and relationship of afferent systems as applied to

man. It was shown in a great number of experiments conducted in the

laboratories headed by L.A. Orbell that there was a definite inter-

action not only between afferent systems of different modalities, hut,

also within an afferent system itself, as in the case of the cone and

rod elements of the retina. Moreover, different components of the

same perception enter into definite relationships. These relation-

ships manifest themselves in the form of antagonistic reciprocal |,e-

lations under certain experimental conditions and in the form o1 ziyn-

ergetic relations under other experimental conditions.

It Is precisely as a result of this that. there Is no doubt that.

a certain perception is the result of the activity not only ol a cer-

tain sen,'e or-gan, but Is also the sum of the extremely Complex coov-

dinated activity of several or even many afferent nystecmn. indehd, w,

still do not know the specific paths t-aken by the functlolnal ,'volution

of our perceptions. From this point. of view, t.h,, principle of' tho Ini-

teraciloln of affe rent systems r-efle cls the phy,loloiical mechaninmn

rovev'nint, a noor(dlnal lonal act In Ihe nc,'n.ol,.y npli'hn,',. Tihe liltrtcar',ll ral

Ihnt-Avaelion of' aff'erent. "yntu.nls, an foi'nu11ateci by I. A. OvIli. I lo, I: I Ih

general principle of the activity of' ilhle i|mari b rali . (i.ul' qbl 'il]y,

I he otIudy of' problehnio of' hinriall 1 (Airhe l 'von'O L viiy Itpl 11V1 ' , )W11";, I III

invcstlgatlon 01of pl -.oiol ugical proce.s occurIt l.i nIri. :r;r,

not on01:' during llhe i. Te when a ntl. iiw •ilus i: actin',, 0t0 I. Io ; '.'r

case' Io zlol and his r'vcaa sl th•, mecr:ilanin r, 1),' wlh.I, l t 1,I,-mpo-

'x l'.,. h :.. , " .. ........ l l hv '.•(,, * ..,S prr' c IL:3e ]; in ChJi pyte'I-
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actions of afferent systems that we must look for the physiological

basis of those phenomena which are essentially "conscious" and "sub-.

conscious" in psychological terms.

The study of after reactions reveals the laws governing the

phase succession of the excited state in afferent systems. From this

point of view, the investigation of the interactions of afferent sys-

tems in studying visual afterimages has proved to be extremely inter-

esting from a theoretical standpoint and very useful from a practical

standpoint. It is well known that the action of a stimulatory agent.

on a sense organ is accompanied, first of all, by the appearance of a

qualitatively determined sensation specific t.o the sense organ in

question, secondly, by the development of after reactions when Lhe

stimulus has ceased to act, these being subjectively perceived as after-

images, and thirdly, by remote after reactions of which there ii no

subjective perception.

The phenomenon of afterimages, known for vision f'orn th1 tinme of'

PrIoSrv,' '5 observations (16341), extends raliher widely throughoiit. thiR

activity of' human sense organs. Systematic studies, ,spec.ally of' tihe

visual system, bel.agan at. the time of I'ur'kinje 's classic Invon1.•igr:tdlolis

A great deal of factual material has now been amassud onl the nmuil-

'estat.Eon of' the phenomenon with wi Ich w, ai'e he.ro lua]lln; Ini oth.iwr

af'tkertont syston.

'lzh ; , Ura1i' 1 , ;chitasc|- (18811, 10()0. ) niidiecl it ' r-::o¶Itar:; ha

(1)O90 , PI)0"7 ), hclo, (190','), and Fioch•.r and Wo-dak (19;22l, 19"!.' ;'i .,

."') dueSCrbied vesttibula.i' ifl . Ir- oi•nci ou::, anI, 1fi ta, ul ( J '11), 1,1 r-

manl (/1](w(;), and 4"Sk,'amlik (192,2, 1 9ý26) dumornotirtl,.'d 1h,: ,X in!.:'c,' of

C 1'..r-Ss a t •tou .Ll lI, h 'cr I O:L 01' f Ir,: :15' Liiu .. . ?p : "....
_ . ,J tA, ,":' ;ll'J ¢;] ':l'•lL!°• :tllh r ',,

.-.. b



S... - .._dy.'After-aensataona -has recently benn carried. out .on. -

a broad basis in the laboratories headed by L.A. Orbeli. After-sensa-

tions in the following afferent systems were investigated: a) visual

(Narikashvili, 1944; Volkhov and Zagorul'ko, 1944; Zagorul'ko, 1946,

1947); b) auditory (Arapova and Klass, 1940, 1946; Zagorul'ko and

Klass, 1947, Zagorul'ko, Klass, and Federov, 1946); c) vestibular

(Zagorul'ko, Komendantov, Osipova, and Entina, 1944, 1947,).

If Certain general physio-

logical characteristics were

discovered which were inherent

ff 27 •in the after-sensations of all

the systems studied and which

characterize some of the prin-
1217
it,. d cipal qualities of I.he activi-

ty of thc human nervous system,

Fig. 1. The development and i. e the periodIcIty and
temporal course of after- $
sensations; visual (lower, phase nature of the devlop-
Dittler and Eisenmeler, 1909);
auditory (middle, Arapova and
Klass, 1940); vestibular (up- mert and course of after re-
per, Za,-'orul tcs, Komendantov,
Osipova, and Entina, 1947). tions in all afferent systems.
Time in seconds is given along N additi, dfinilte Individu-
the abscissa and the nominal
magnitude of the sensation is
given along the ordinatc. Roman
numerals indicate the phases of
the aftet'-sensations, P Indicates thu development and coui'ne of
a sensatiod1 of turning toward 1.he
right., L indicates a sensation of after In dif'i1.
turninl g the left. 1) P; 2) L. iridividiials.

LI is nlot difficuli to understand 1 hat the pheniomunoIl ol afl'..p-

scnsal.ion" an unusual form of the activity of cour sense a onanu. In

ordinar, '1ay life, these af'ter reuaclions do no! appear; i.h,,y ,iv ,:

InlhibitL d reqluirc' eurtlain cotidition.m for I h:ir appw-i rc. le,

On i he bis~i c o:'e lr.al ideas drawn from cont ,mpom.,,.y I ,e-

BEST AVAILABLE COPY



•-• S• or~an0, i1• i possible to make, the hypothesis-that-the develop-

.6 . mVnt and course of after-nensations reflects the intracentral inter-

action of peripheral elements of an afferent system which are in dif-

fýer~nt functional states. It may be conjectured that a periodic ac-

tivity state is developed in the centers of the afferent system as a

result of the action of the stimulus, by virtue of inductive inter-

action between the centers of the excited and unexcited sections of

the peripheral apparatus (the retina, cochlea, semicircular canals,

etc.).

The course of visual afterimages, as they are observed after the

eye is subjected to a moving or unmoving, colored or uncolored sti-

mulus, despite the extraordinary diversity and multiplicity of their

characteristics, follows a series of very general, but definite and

always manifested, rules. These rules arc so constant. that thcre In

no doubt that they characterize some of the basic fea.l|,,'s of the

cours 1 of' physiologrical processes in the human vlsual affrent system.

First of all, It is necessary to note (and this caun he very Im-

poirtant. for understanding curtain disruptions of hil;her nervous activi-

ty) that there is no strict correnporndence between th: ait(er-nernatlon:s

(visual, auditory, ei, nl.) and the stimull.which causc them.

-Th- pV:,,odlclit.y of afterimagcs (and this holds fo- all a:'fretnl

aystem) chavactirizcs that couroe of the aftr-rv.aet.ioii 1, which p,-P,'-

ception at times disappears and at time:s reappears iii respcn8 I o a

e s1m iullation of' tlhe eye, this occlr'ring.. , .evc-l 1]" t.]m ovusvr :a

lon, perlod of i l•Ie. The pe iiodicily of' tihe ext i111':.r;hinrl of' v1.11aal

aIfterimaLCs In cihavact, e:ize d by two I'actorz: firsot., by th.l drv,] opM,:ni

of dark intervals dur(irn which theri'e arv no afI'tr-s:i:i;atiohS :ii,,|, s;: -

o"Jl,, -.. r,'1,.nTnco of one or move phaser. of' the after reac.lonn,

-- I., -



... ....... -Puid 1-•825; -Plateau, 18314; Fechner, 1840k;- Aube~rt, 1858-i- l.865 -

"Bruecke, 1864; Charpentier, 1891, 1896; Hering, 1890; Hess, 1891, 1894,

_* 1901, 1902, 1903, 1920; Bidwell, 189k; Boscha, 189JI.; Hamaker, 1899;

Kries, 1896, 1901; McDougall, 1904-1905; Dittler and Eisenmeler, 1909;

Ebbecke, 1920, 1921; Froehlich, 1921, 1921a, 1929; Bayer, 1926; Allen

and Dallenbach, 1938).

The intensity and clarity of the afterimages decreases with each

phase and the duration of the phases increases as time goes on. Each

successive phase has a tendency to fuse into the background and toward

the end of this development, they become difficult to distinguish

from the surrounding visual field. The dark intervals which separate

the phases of the after reactions undergo exactly the same changes in

extinguishment. The changes in the phases involve not only their du-

ration, but also the quality of the sensation. This is especially

marked when a colored light source Is used as the stlmitlus.

Thus, for example, undor the action of a brief light. (chl'omatle

or achromatic) stimulus, a very brief dark interval (approximately

0.0Q1 second) occurs immediatcly after the visual senoation l'pom the

action of the light itselft has died away and this is fol)owe(i by the

cdevelopment of Jieri't: (1909) fhest poi.sItive vlaial aftl'r-i-ig',c i.h.Ls

being of the same quality as the object-3supplyling the ntim11un: l~,1ghi.

when the stimulus Is achromatic and of the nammc color an the :0-1i11110J1w

when thc latter Iis clwomatic (Dii thrv and 1'luemnnicur, :1909; (Whr,1..l

and it)Ih lr, 1910; l'ochllieh , 19:11, .9:!:- 19ý9 ; Iay,( , Y .926t; Voij,,1-

sang, 1 F9vc; le hafer, 1929).

Aft er the flr-ul ponit ivC phase of thellCrii11 a "I .,ma., a:,u

dark Ilterva] appel'rs, approximatel,; Conr iil~,, Ia 0o U.'1' 40, 'lit 31110.

(0.1( ",) co.d).

,WI'[ui' I }" l $ lied k 1;'• ;:if'.1& , L •i o..... pia5.. . O'L .... :, F' eh--t" "
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- .- -.-... *
a Purkinje form - develops (Purcinje, 1825); whfn the stimu ,iis -

uncolored, this image is, as a rule, light blue or grey-blue and,

when the stimulus is colored, the image is of approximately the com-

plementary color. Thus, the Purkinje form is complex: it is positive

for neutral components and complementary (negative) for colored com-

ponents; its duration is approximately 0.17- 0.25-0.5 seconds:

(Osann, 1833, 1836; Mueller J., 1838; Young, 1872; Davis, 1872,1885;

Judd, 1927, Karwoski, 1929; Karwoski and Crook, 1937; Karwoski and

Warrener, 1942; Karwoski and Parry, 1943; Murrey, 1943; Narikashviii,

19411; Volkhov and Zagorul'ko, 1944; Zagorul'ko, 1946, 1947).

After the Purkinje form has faded away, there occurs a third

dark interval, longer than the second and cozrsIderably less .iUstince.,

nearly fused with the visual field.

The third phase of the visual afterimage is longer than i he sec-

ond, is considerably less distinct, avid toward the ond of' its devel-

opment, i,,'i ,g:v.LL'liiaIJ: unnioticeably into the background of' l.|i'

surrounding image of the visual field. This image learn the characl.e.r-

istics of the stimulat.ory light in the quality of th' r.-unnatioll lirR'I:

It. is bright when the stimulus is nicolored and In always siini]ar b,

color to a chromatic stimulus, connequently duplicating, lihc f'irl.

1forinii af'terimage to a ccertain degrcee. This image in calle d lit', 1h,.nn

imagec and was obsci-veorl by 1oncha (18911), flamakvr' (1899) , ]h::: (190O,

1)03), Ki-Iu-s (1911), DIttlicr and E[iiunxnclci. (190)9), Mi.al]i. (]!909), and

],J'itibloill (']1)3). IL lasts for tell scconds. C'Ur'1LInI alitol'. o ol'ch aa

]Iarnake. (18•99)), FrlO'h.Lch (1921 ), ri a.J. har, h.esoil,.,l :d a 'o',1,1 ,i d ,.1

Interval, still less distInct and mor(' p1o] orwy.d, a-nrd af Ia ., vi nul

aftcrima!"', of v'rryv weak 1i: I ii .1 o;'si l 1o ,.'vlo a ' * },

dui',alloi, of his a1 ",c :'l:;aC:, Ci%.c i:;lo h ii • i'u,, "in Aj I(:AA :•u,, I , ... : v'Ir-



and has the characteristitcs of a complementary af terimage.

-Howeveri,the course of' visual afterimages depends on a number

of' external and internal factors. On the one hand, the intensity, du-

*ration, and surface area off the stimulatory object have their effect

and, on the other hand, the site at which the retina is stimulated arid

the functional state of the visual system and of the observer himself'

exert an Influence. Above all, these influences affect the duration

of certain images, their Intensity (brightness and hue) and clarity,

the number of phases in the after reactions, the latent periods of the

development of the reactions, etc. As experiments by Aubert (1 861,),

Helmholtz (1866), Judd (1927), Vogelsang (1928), and Suchmian and Weld

(1938) show, increasing the intensity of the light stimulus in accom-

panied by an Increase In the, brightness, saturation, distinctness, anid

number' of' piares o01 the afterimages. T7he same was showni to hold trzue

when- the stimulus was allowed to act for a longer time, by the vxperi-

mento of MIuller' (1838), Serguen (1880), Ebbecke (19219), Juiiasz (19;-0).

Froehlich (1921a), and Starkicwicz (1939), anid when 1tho ourface, area

of' the atimulatory object wan, increased, by the cxperimcnt.0 of' Juhutiiz

(19,20), Fr'oehlich (1925) , Velinzki (19:211), and[ aellhoiii aiid Kuhiileiii

(1926). .Lndccd, there exist optimum stlimulation conditiono above and

below which there is a deterioration In the course o1' the afturi'iageo:

accordintg I~o He~lmholtz, 1/3 tseconid is. 11Cussary 1.0 obtain a po.nItI~ve

afterimageo : ccidiqw to HhhL'cke, a hrie P display of' JI 111. J. iccanom-

pan~led 1by a posit ive afcl'c image (, iwhilec a I o1ý- LIA.;play lo :ieconipatrb 4

biy -.- viegat lye afloci-matge : accoi'dini1; Io Juhanzz, I hc durnal Ioi of' 1hq:

ri~tkIdn'le 1,0-rm .tzicre'eaoUe 1f1,0o1 11 If1. hi'tsho.Id valuec uni 11 1 I.II(p da:;J 1li1w

I-Cacfie" appi'oximat cly 1)0 scconds ; accordlnir lo~ IroO:h& elc (1.,fJ: ) ,lf

Irig:,h teso aind du ira lion of' a.: aft c ilma~p I1 ei"11.. ei;II e d z

0)'I 1i lrnUia tii IG is n r'eased. Ilu! tOni. When ib' vt I bji'.:u



...- "exceed l.2 seconds, a decrease in brightness and duration and even

-".: -the development of a negative image occurring at display times longer

2 seconds.

Moreover, an increase in the illumination of the background on

which stimulation of the eye is carried out or on which the after-

image is observed serves to decrease the intensity of the light sti-

mulus (Juhasz, 1920: Fechner, 1838; Exner, 1868; Froehlich, 1921,

1921a; Ebbecke, 1929; Karwoski, 1929).

The latent period of the development of afterimages undergocs

precisely the same changes in magnitude, but within a considerably

narrower range.

Kries (1896), P. Muller (1909), and Juhasz (.920) showed that

the latent period of a positive image decreases when the Intensity,

duration, and surface area of the stimulatory object are increased.

Creed and Granit (1928), Creed and flarding (1930), and (Iranit.,

llohenthal, and lloti (1930) showed that, the latent period or a lVJ',,fJ:Vtiv

aft.cimage increases when the intonsity of the light., s5.ilun:]:; i: Ill-

creaccd.

According to the expcriments of Hess (1900, 1920), MccDoul;al

(1904I-1905), Ditl..cr and EHiznmcicr (1909), Bayer (19L6), and F.uth-

lich, the presence of a diff:ri:nt. stage oF adaptaltion to 1ri,. ,III(] Ito

dark causes no basic changes In ll(h coir'se of' afto'.rlmanrn.

W-'hen dark adaptat ion has L, een developed, a ],(o.5exr a:l uI 3:dn.p .Ill-

tenSilly of VHt. lil, 1t utimtululls is reqlutrind 1o calise an'tp.viwjc<::; ,

CO: wequ1 e: lh l V, dark adaptal.oli act.s .1tI tOIL: f.altls, tio.,]11.Oli ai flo(-.I i l: l ill-

crease ifI tie .IntIensIty or duration or su1rf'ace: a'L.:: of' Ih hv .J.it];low&.

O3' tee . No a l'Nrall('c Per c han, ,., 'i At- cC1 .- if; ti: co, Pl.,: U!' :gfl, l.-

l.::ag's alt the perlphet, atid inl the cenllel' Of 111f: r!'1l I Jd',irI 11:.10

andJ ,3r' ad. a" t o:n. "'l... . 10.,, z

10O
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Basically, the course of the afterimages is identical in the

regions of central vision and at the periphery of the retina, 65

cording to Hess' data: (1903, 1904, 1920). The only difference is a

slight acceleration of the succession of phases at the periphery of

- the retina as compared with the center (Woinow, 1895; KMug, 1875; Wal-

Ster, 1899; Washburn, 1900; et al. ). A lesser light stimulas intensity

is required at the periphery of 'he retina than at the center to cause

afterimages (Aubert, 1858, 1859; Froehlich, 1921). Kries (1869,1901,

1902) came to the conclusion that there were no Purkinje afterimages

at the periphery of the retina in daylight and there were never any

in the central vision regions; red light does not cause a Purkinje

image and these forms are consequently a fiunction of the 0g111. visolo

apparatus. However, Kries' data hao; not been confirmed In experi'iments

by other authors (Hess, 1901, 1903, 1920; Dittler and Elsenmclr,

1909; P.'rochlich, 1921. c.t al. ).

A deterioration of the course of th, vicual aflerimagr.,u a]Lo

occurs when the visual system or the obne ,v'vr is Itn a st-d.at of' Ila-

tiglue (Flochllch, 1921; (cllhorn and Wcldlln{, ]9;?2ý).

The Iindvidlual chat'acterlstics of' the, cou'asc of' .a.;t

i'elated to thelt' hues (Brucckc, 1851; Aubei-t, ]8615.; HI] 1w ,rt, ] ;')

Berry, 192'(; Frehafer, 1929; Markowski and Ci'ook, 1931), thu latunt

period of' development anid 1. i' du iration of' th,: l'; iii.a, and 1(1c, I l•l,.- of'

- phases (Fl'anz, 18g9, 1900; Murilk, 1900; Mor'ohc, ](hHL N:n:'ka8Iiv.IiI,

N]014h; Vo.1lchov t-; Zagoiti '1k0, 1)JO).

l'aririud. (],I q , l,88',,., ]I 98) , I,'lil,u',, (iF',Th) , 1nz].;ii~iii, (1;',¼K.,

38)), oc ( )j) F, Muchl (3910) and Kulliici (1)100) ,-unf:],,,,d I rd

vlnmal aft eiImagrcs ar' of' cc imbral ori.;It1.
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. .te at which afterimages arise.

McDougall (1901) thinks that afterimages are based on the ac-

•-. - tivity of photochemical substances in the retina, while the appear-

ance of a certain portion of their colored constituents is chiefly

determined in the cortex.

G.E. Mueller (1930), thinks that positive afterimages are of

both retinal and nervous origin, while negative afterimages are of

purely nervous origin.

One of the most widely held theories of afterimages originated

with Scherffer (1761, 1'(65) and attempts to explain them by thc phe-

nomena of eye fatigue. Fechner (1838) and Helmholtz (1866) suggested

that afterimages are partially based on the continued excitation of'

the retina (atc't -.tinmulatioi has ceased) and partially on a (iec'ease

In sensitivity (fatigue) of the retinal. elements. The aut.hov'. thus

assume that a positive afterimage is a consequence of a stll unex-

tinguished excitation of the retina and that a negatlivw after'imalc'

a•i.nes as a result of changes in the exclitabillty by ]ltlt.t of a i'vi..-

nal site ['atigued by prior' stimulation; a complm.:'nl.ai'y afte.'ima-e

docs not reflect a state of pz'e.en, autivity but, on tl., co,,t,'ay,

Irn the rosu]t of' a decrease In the previously cxit.ing itjtv,'iia] lit..

Fick and (,urber (1890) also aostmed that poslilve af.m'm:gr,': av,. [1-1c

vcsult of a primary excitation state and t hatl nviital.v,, af'l;.r'imrage. :rt.,

caused by I dch'cUx'ase iln the snzWI tlvity Of tII. i'( .l ia. Wuill) . (.19o)

explains• aft el'images by I hlreL ?m:chariomnl' : 1) b:y aIl -x6itat io, 01 o1i' ;

which lasts lozigeir than thi, actilol oP' 1.he :;~imc]u:; :inrl l aim -Id ••I.-

Veloupmcilit of' a posltlvc afluri'linrnge Idenrtica] In coler to Ih)w :.tuuu] ';

2) by a chango In the ,xcltallol, 131:1.1 oe h•h, ,'.l, (-::. ... ",;,11 o

I'a1,t['.uC) wicih c•,tall:7 thu & . yv lopml it. of a po:;i1 .lv; ,p w;, ,' IV, -,rl• -

Ill~~~ ~ ~ ~ ~ '1,1i1 -1 ' 11 . O v o nItni h ,!



to have a greater or lesser intensi~ty.

* .. Lazarev (1918, 1923, 1926), Putter (1920), Judd (1927), and

- others developed a photochemical theory of' visual afterimages.

Herring (1890) and Hess (1891, 1901) explained the negative after-

image by after-contrast rather than by retinal fatigue.

Froehlich (1921, 1921a, 1929), Bayer (1926), and others consider

afterimages to be a specific cerebral activity.

The periodicity and phase variation of after reactions has at-

tracted the attention of many others. Thus, for example, Plateau

(1834, 1836) suggested that the transition of the retina from an ex-

cited state to a quiescent state proceeded in oscillatory fashion, both

with respect to time and to upatial relationshitps: the former Is i'e-

sponsible for positive and negative af'terimages and the latter causes

irradiation phenomena. Charpentier (1896) assumed that there were rcti1-

nal oscillations taking the form of a lateral vibration ol' the oxl~et-

nal segments o1' the rods and cones at a frequency -of' 3'1 oucillatiolun

per second. 13'tich (1913) developed a hypothesis which accsuplted t hat.

o'achi peripheral element Is pr'otected from oxceson intinmulationl.

by a shunt. A'actor. 'Ihe cessation of stimulation iu ac,!ompaiiied by the)

libut~ation of th~e accumulated encrgy ol' a countA!Iaction which ruislileS

that the aftcrimagcs are extinguished. Young (187r2) Ouggcotcd that.-h

phasesC of after rv'act¶ions maul rfest. themsel yes duiring) th11'. 1'i vaissi.onol

of' niervouso 111ilp 1 en from Ii iu rethia to the blh aiii anld frvoml Ille hraite

to thc ret ina and thus, occur before Hic rexci tatliol 'cs: arb

compl etely, ext.iliguiished . Davis (R.2 t5117111111d Ihiiu t-wi one( of' IIIhr

lthrooC t y pe of f~ i- eib 1 Z be e Ws c (XI.(I , 1"'y i,rj '1Oor; VI111

elct 1'rumairrn 1-i Iindue I on) ?!Xe I ta JiA 'eta." 11161;(,."d I fl:(. :i've bei'

01' the 01 ho tp 1 y , hSpi'oduc ill Coup] (l.-e"ItarytIl'1i ~gs. .I



-;muthor suggested that there is an intermediate stage between the

layers of cones and rods on the one hand, and the nerve'fibers on the

other, this stage having the characteristics of a physical capacitor

which discharges in oscillatory fashion and thus causes extinguish-

ment of the afterimages. Helmholtz (1876) explained the periodicity of

visual images by wavering of the attention. Froehlich (1921, 1921a,

1929) and Ebbecke (1921, 1929) saw the periodic extingpishment of af-

terimages as the manifestation of certain antagonistic processes oc-

curring in the centers.

Thus, on the basis of this outline of theories of visual after-

images, we can to a certain degree elucidate the basic tendencies in

this direction which have developed since the time of Scherffer. On

the urie hand, Th. Young's views (180i), partially developed by Mueller

and especially by Helmholtz, led to the creation of the dualistic theo-

ry of vision advanced by Voinov, Parirnaud, and RvIcs, Io the modu-•.

photochemical theories of excitation advanced by Lazav'ev, Putter, and

Hlecht, and to the recent investigations by Giranit (191J01, ]9115) and

Adrian (19 115 ) which compeleed our knowledge in the field of the ,t.udy

of' the specific activity of the receptors and nervc fibers of' Uhe vin-

ual afferent system.

However, all attempts to explain visual afterimag.s by the actlvl-

ty of the receptor elementu alone have ended In fallur, and I.he

"sulinct-ilit. t I 1oVItalhi tuil 'ntiu I'cl )oe])p to p:n:.(,iolo.-Ica.] V i, q'w,'L tat !orto.

(wavcl'io: of' a.tntll iol O, r''oi'r inI JuaI,'t'1|)

Oni the otehr' h1,11d, I 1, crealoio o1 cOF rCt'ical and finl.elFUNIG;

shefl'mO lo explain the prooesscn and phcihomt'ija which tak,: p1lcc it lIh,.

ret Inla d'iing and aflt r It. exeltatIon arc otill leos iatl.se'a oz'y It,

clarifying lihe ,,xI rim,'. compll xi l .y of' I ,, co,,r':f, of, vi5'yaJu :;va.. jrjjin

.1n1d aflt•el,-ncnsaliolls. `'*ach of tiesv :net , r. i,. I. ... -il. .I
. ]¶,U.



Fig 20. Cre hwn ortpr fdvlp

II• 8I

: ment and course of a PurkinJe afteeimage. The
ttime of the experiment in minutes is shown on
= the abscissa and time in seconds is -hown
S~along the ordinate. The lower curve is the la-

tent period of' image development and the up-
per is its duration. 1) See; 2)1 " .'N:
3) g. MMO; 4) min; 5) g,'. LTZ; 6) g. LNCh.

cessful analogy or model of the phenomena and processes of ref-Ina]

excitation and may be physical or mechanical schemes deacribing pro-

S~ceases and phenomena already known from other are aB of science (the

alternating discharges of capacito.ors~thv, coiliro,, and uncol]ing of' z

spring). Accordin~g to the Idcnn of the authors of Ili(, I h('orI,, fI -

citation pr~oceuacq and 1helr afteerflfecto are. manlf-t'(:td In o:n, c.r,-

taln llmit.ed n,.,e. Ion oV a systeým,. such as Ini the reti1na, and it .In only

thesze processes which dc~lornline the: utive~l' complex ol' ph(Ionom.-i,a, 1.hini

.- being completlly Indepenlel,k. 0of tht., funct~ional staa(. of itic 1-c-n•,.b11ln1

Port tiol of I he vIl~sal n.yol.(-,.'M

A third tLendency, which begal, with) andJ•: w;,,L-] W ar l T,'rl vii
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by this students and followersp Hess "Dittlerj Froehlich,-and--o a

... .. certain degree, by Ebbecke and Gellhorn, attempts to overcome the

limitedness of the theories herein described, using the physiology of'

, the nervous system. '7

Actually, it is now already

insufficient merely to know the or--

C , 0 2 ganization and activity of the per-

" �*�%�-�.*ipheral receptor apparatus in order

0 to understand the entire complex-
JIJ44*M INN#

")L I' RuJ& ity and subtlety of our sensory re-

- . actions. This activity is caused by
0 QYAIM73 I7 0u thc functions of all the afferunt

Cr .•systems, which Include as integral

10 parts the peripheral receptors, the

nerves, a whole serico of inter-
Fig. 3. Curves showing in-
fluence of caffeine on course calary, intermediate nerve centers,
of Purkinje afterimagr. Other
specifications same as for and finally, the cells of the cure-
Fi"1. 2. 1) Sec- 2) mW. caffe-
inc; 3) MMO; 4j mln. bral cortex.

Moreover, the activity of' any one afferent system is a result of

the functional state of' the other afferent systems which Interact with

it.

From this point of vr-ew, the study of the actIvil.y of Lhl. vlsual

afferent. system is thus essesntlally ati inv,:otiation of thUf apecl'fic

r'eflex reactions effected by thc brain.

Actually, on the basis of our' experiments, w, havw a ccr.'rili

basis for' stating! that there are four types of course and dcveloperri'-

'of visual after',magvs. Type A (Fig. 2, LTZ) Is charact.rized lUy a shior.

latent perliod oV' development and a loi,; afto. r rcaction ;,,rallon;



~ ~ 2,t 1~h)Ise characterized by a )jqpg latet reQ FQ4ý

-.development and a relatively short afterimage duration; Type C -g.>- -.- -i • --

_II) is characterized by a long latent period of development and a very

long image duration; Type D (Fig. 2, MMO) is characterized by a rela-

tively short latent period of development and a short afterimage dura-

tion. The study of the coi' elation between afterimage course and the

types of nervous system which were established in I.P. Pavlov's in-

vestigations of higher nervous activity should be rather interesting.

Moreover, the action of such pharmacological agents as caffeine,

strychnine, and phenocoll, which possess different degrees of neurb-

tropism, causes a definite change in the development and course of the

Hering and Purkinje visual afterimages. As little as 25 mg of pure

caffeine administered per os causes a reduction in Purkinje image de-

velopment time and increases its duration (Fig. 3); the influence of

caffeine begins after 7-10 minutes and continues for 40-60 minutes.

'20 *

I"#I

Flt;. 4. Curvct ohowring influence of' benvodr•irje
on course of Purkinje afterimage. 01her opcci-
fications the same as for Fig. 2. 1) "CCc; 2)mg.
bcnzedrizie: 3) LTZ; 4•) min'; 5) L.,lD.

On tin, basis of a riumbel' of uxperim..n, we havae b.i•. •Vi,.i. th,.

impreasion. 1thal I hc ratnru of "'i onlcrc f 1,cV j)0.1ZJhj1 .rr; :

- 1E;L -
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not only on the quantity of the drug administered, but also -on the

type of after reaction. Thus, for example, the Purkinje afterimage

*- decreased in duration in subject LSD (Fig. 4, Type C) after the ad-

ministration of 10 mg of benzedrine, while its duration either in-

creased or showed no change in other subjects, depending on the nature

of the afterimage. Increasing the dosage of benzedrine to 30 Dg

caused the development of additional waves of afterimages, somewhat

unstable in duration, in subject LTZ (Fig. 4); certain subjects mani-

fested this effcct at lower dosages. From all the forms of this in-

fluence known to us, which depend on the original activity levels of

the system in question as has been shown by the school of Academician

L. A. Orbeli, we are inclined to believe that the influence of ben:c-

drine is a synmpathetic effect. Hypodermic administration of strychnine

Ir1e 1

1J v ,4 Wero 23. ,0.4 2 RAWI3#

FiIr. 5. Curves showing, influence of' ntrychninc
on coures of' Ptiklrje aftcvimage:. Otlher specl-
flcatl,, [tie aame as for Fir. ;. 1) "vc; 2)
mil: 3) strychnine; 4) YeAP.

is accompanied by a re(duction in the duveloppmfInt t mC of IIhI( lJkri1lf,

image and by an increase In the duration of the lurklrije imarc. Fir. 5

shown a nharjl increase In tho. duratlo*, of' he t 'urkii .1'. pnas( i i, u'l,1,i.,:

yeAP. T,• ,.f0 (M!:. '). otr.ychnine causeod a distortion, of the inural form

- 1::. -
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2 3

404

R7A75: n 
......

b.........
ar rV J? 64 777

S4

Fig. 6. Curves showing development and course
of aeritng (lower) and PurkinJe (upper) after-
images under the influence of the action of
UVh on the visual region of the cortex and on
thc cerebellum. Time in milliseconds is shown
along the ordinate (lower curves). The let-
ter P designates a Purkinje afterimage. Thu
arrows indicate the beginning and end of the
liht stimulus. The other specifications are
the same as for Fig. 2. l)Sec; •2) UJVCh; 3)
visual region of cortex; 4) minj 5) IL Dec;
6) YeAP; 7) P; 8) cerebellum; 9SLTZ.

of the Purkinje image; rather than a*slight increase in duration, a

change in the development, time and course of the Image was noted at

the beginning of the dark adaptation period. The latent, period of

iiiiage development exceeded the duration uf the image in cert.ain, d,.vr-

miiiirations, a phenumienon nriver oboerved under noriTal experimental con-

ditions. ihfus if it is acknowledcged that caffeine predominantly af*-

fects cortical processes, that strychnint, has a diffuse effect0. on a1l

nervous element- of the visual :ystem, and that benzedrinc - an anal-

ogu of tUte incpathceile uystem - shiifs the latter to a difff;rent

- 19 -



funr-onal level, by virtue of its adaptational and trophic influence,

it then becomes obvious that the development and course of visual af-

terimages depend on the functional state of the various divisions of

the central nervous system (cortical for caffeine and strychnine,

subcortical for benzedrine and strychnine). The mechanism of this

effect probably reduces to a disruption of the balance between the

excitatory and inhibitory processes in the visual afferent system

and to a change in the rate at which ner'vOuS processes procecd

(Zagorul Iko, 1946).

Changes in the chemicity of the cortex caused by hypoxemla,

hyperve ...... 1ation and hypercapnia have a susbtautial influence on the

course of the Purkinje image (Volokhov and Zagorul 'It, 191111; Zaromvl l'ko,

S947).

We subnequently used the method of local excitation of' the hunman

brain by a UVCh [uhi] field (Livshits, 391111). The action of' UVCh oil

the visual vegion of the cot'tex and on the cerebellum cau:nes a nhan'l,

chanrer In the development and couriue of tUh Ii,,'ing (F,'. (,, YeAhl and

ITZ) and Pur'kinJo (Fit,. 6, MMO) imalnes. Thin changeo If the finaevn ha:;,.

a differ'ent development time when thl. UVCh 1l,0d act.., on Lw vinua]

centers and when the cterebellumr Is litadlat od; In th, lat1,..p ra:in-,,

changes characteristic of the sympatthetic ,.ffectcs of' 1h1, eeiobhr,1m if,-

v,'Jop 11oi'e ",lowly. '1]c Ilei'lnl.g, Ilflm ul ,'!ot,, :I d,:, 1,(Aa , If) df-'vy Jo] )-

mnemilt. little. in addilIon, the 1'ur'kin ji Inlgi,, lacklu., unnde.r, normal ,'x- -

pCI''Li int al CoIn lit Ilo n, I:; : .n1]] pl n':*nt . W- I .1il 1o ,: flun';ld,v I Ihi- :Il-

pear'aiit, of' ill(e 'ui'Id.ll imnall' .i (Ilt-;i¶nat f-I,.d I" lI f. ]-I 1' V Oil i it.e ,l L-

-ram) a. the i'C'ull of' t1izn InvO1V-0 1 . ''l ,!' :;'.W J Cv' 1:; 01' if . ,1.hi j1Va I

net'VIolS s3,St ,ill - I hl v.m.u•l at' T.:rerit nynI 'ii - It.I 'I, an Iv" :;o.o,,

The (ua111 11 i at 1%, ehar5'e In Ilhl I, p.lli,, ima1w. i :j 1 no It11,COIW.hl. 1 ,-€ ": :i

n- ,: U -

If.L 1 .. ,



- quires the characteristics of the colored components of the Purkin e
-4.. . .... .. ....

image. In both types of effect, the Purkinje afterimage undergoes an

increase in duration, which sets in earlier and ends when the visual

region is irradiated. Thus, we are given the impression that, first of

all, the rate of development of the first Hering phase increases under

the influence of UVCh and, secondly, that the rate at which the second

Purkinje phase proceeds decreases under this influence. Thin phenome-

non can be understood only from the point of view of the fact that

both these phases reflect a change in the functional state of differ-

ent levels of nervous organization of the visual afferent system. In-

deed, this effect was not identically manifested in all subjects; it

certain subjects, it was either very slighAt ori even UntilrCly lacking.

In subject W!10, irradiation of the region of the cerebellum with UVCh

was accompanied by an increase in the duration of the Purkkinj, image

amounting to a factor of 1.5-2, a phenomenon not observed whe0 tile

visual 'egion was irradiated. Moreover, 1)oth types of li~radlationl pro-

duced a change in the quality of sensation; very oft.en, the imnge .! III-

cireased in bright.nems oi in the number oL' colored components. [lThe

difference in development time of the effects obseved when the vi;-

ual region of the cortex was irradiated and when the ec-r'oh(A| lulml was

irradiated may be an indication of a difference in their originn. On

the one hand, we have the immedlat e changu iin the l'unetional U; aI., of

the' cortical cenMAIrs a1d pos.sibly In the soudcotetical uvih/'-, I - 1,11c

visual zsyolem- :111i, Onl t hc ot1herp hand(|, We havc lthI( Lfac1. | . tin . "111i1

afTOeren , sy sItem In, ;utjec! 10o UWCcond.'iry,, in1'l1nI Ceen arli;si1n; 1 in T.ll, -

nomic centers oi0' the Cl' ie1bellu in when I.he. IaM I tcl. 1,; [1':dial ( .d; t :lh .-

Indicated not only by the olowur dev1v lopiln.I of' Ilhi I .1 n t|i ltd.t

e ec' ea-se, bIut a.so by th" d.Vulop|eln O." P'" .' .w. ...' ' iT , , . I

vdi'ii tht.vv,'.•ioii o I' e bc'i~lhw, . iie;i'ii;aicd. A ViL. iBLE.irj of Co p
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-experiments, we may thus speak of the cerebellum as the regulator of

the physiological processes which occur in the human visual afferent

system.

It seems to us that the change in the course of the afterimages

under the influence of focal reorganization of the. functional state of

the brain by a UVCh field under the conditions of our experiment 1t in

accordance with the data obtained by Vujic and Levi (1939, 1940, 1940a)

on the developmentr of visual afterimages in organic and functional dis-

orders of the brain.

The development and course of' the Hering (Fig. 7, lower curvws)

and Purkinje (Fig. 7, upper curves) afterimages are subject to an Uf-

feet of complex character when a painful stimulus is applied to the

skin receptors; in the majority of' subjects, a decreasc in the devolop-

ment time of the Hering image (Fig. 7, LTZ) and a decrease in the duira-

Lion of the Purkinje image (Fig. (, LTZ) was obacsved in all cxp(,ti-

ments; in a minority of nubjucts, an increase in tlih duratilon of' the

Purkinje image (Fi:-,. V, YeAP) and an increase in the. development. lime

of the liering image (Fig. 7, YoAl') waa niot-d in all] ixpuelmenl.n. The

complexity of this effect is explained by the multiplicl.y of' physi-

ological mechanisms which carry ouit. the vff'ci.n of' l.n , 1liu',,,

nervous effccts, which depend on the Itype of relationship hi.ween the

afl'felit systeems and sympat.hetic and hormonal .ffcct.S. TJ'l'iw c:.l.a :;Lrt

in accordance with th. work prcvioun]y coniluetvld In I|h:. l:aloral.u ri.'m

headed Lly .. A. Orbvli on ihe infllu.nec of palinful ;l.I m ,] Imi i.. :;,,'ri_

.0.1 lvit.y of' ceret1alin a'fuL-rinl oy.nt,.m:; (Aa-,or'n I 'ko , 1,( -r,-1,. -1Inkly, 'IJ , t -

sayov, 1933; Volokhov and G, rohunli , 19 11; Intii ':ar;, 1'i.;(). A,:ro,',-

Iln- to investigall.tono carried out 1,y 1h. :chou]f b.e:,icI ah 1..A.

Or'e ii, the in il']nce of' paiiit'lh ; st imin i on "h(. (oAr; ," , I' iA nnl 1,.,|, :aI

pric 'Smev ! t h': va rinlvir I.Minn of ar I rral a; 1:. .. n o- tn.~-A Di Lr ,: -i~n 1.-



versal. Consequently, the physiological reactions of' the. human brain

- -also fal under thol iftfliende of the e~ff~ctis of p&inf'ul st'imui.i.

,,I

(4"' 4

r f~l?-;I

'0-- --

Fig. 7.Curves showihg development and course
of Hlering (lower) and Purkinje (upper) after-
images under the influence of painful stimu-
lation of the skin of the hand.: arrows indicate
beginning and end of painful stimulation. Other

scifications the same as for Figs. 2 and 6.
I e;2) pain; 3) YeAP; 4) vii. 5) it see;

The study of' the Hlering and Purkinje vinual aft~eriviages during

their interaction with the processes occiirring in thu other eye anld

In alffcrcnt systems of other niodalities is in complete accordance

with the teachings of' L.A. Oirbeli on the complex nature 01' our nt'iwa_

tions. Sensation is uffected not only by the procussen which occur in

t1hC system in question, but. also by procusses nonindiffereut 1.0 P,.

which accur in the ot~het' af'fer'ent nyoteins. in 1.lin reupect., accord-

ing to L.A. Orbeli 's concept, many reactiona which occur in a~ ef'r'airi

affer'ent system and are not subjectively perceived have their influence

on the final formi of a certain sensation. In addition to0 Ihi, .tl iji'-r

A':C/TAVILABLE COPY



action of subjectively perceived reactions, nonperceived reactions

have their effect on the everyday activity of our sense organs and

on our higher psychic functions through a great multiplicity of fac-

tors and we are still far from a complete knowledge or this area of'

investigation.
1

4.0

1201

/o- , -

8.0I

2O-

"•,':.'1 "...".

Fig. 8. Curvuw uhowlng development and course of
Purkinje visual afterimage against 3 background
of vestibular, postrotational after reactions.
Arrows indicate times at which subject was ro-
tated. Other specifications the same as for Fig. 2.
1) Sec; 2) YvAP; 3) min: 4)l,SD.

From this point of view, the study of the relationships between

afferent systems both during active .itimulation aid afterwards, wheln

after 'eactions and after-sensations develop, in I, lerr,:ting.

Actually, our expcrimnnts have slhowtn that. h1,r, are (,xl.r(em(.ly

essentlial rclatlonships which arlso duivrw the Iijtcvactlio:j of* alle.,:

reactions and a't.er-censations in afferent .y.tem of' differre-0 modJII-

it ies and within the visual system alone. Wele havu IL.vi ;uicc,:s.f,1l ii,

provin-, that tIe course of the l]] rling Imar. and t!h, app!ai'ar; o1



. ......... ti e.mages in one eye depends on the functional state of the Other -

eye. This dependence is expressed in terms of changes in the develop-

ment time of the images and in the quality of their perception: the

development time of the Hering image decreases; occasionally, the

image disappears under the influence of stimulation of the other eye.

When similar and complementary colors act on the other eye, the Hering

image in the opposite eye is subject to opposed influences which take

th, form of an intensification or weakening of the colored component

of the Hering image (experiments of 1940-1943). Very often, opposing,

mutually exclusive effects on the colored and neutral compononti of

the image are developed. If the colored component is intensified,

this is accompanied by a weakening of the neal ral component and vice

versa; we are given the impression that antagonistic relationships

exist between these components. Indeed, this does not always occur

nor is it observed in all experiments. In addition, parallel changen

in both compotientis, proceeding in the same diroctIon, occur and this

is probably to be ýxplainod by a hIi hgy gnctralzlln, In .fluencu w•*. . '

encompasses the different levels of nevrvous orlganization of 0 .he affer,-

ert system. Moreover, when the 1erilng and Purkinje images develwop

simultaneously in onc eye, t,. action of a light stimulus on thu other

eye causes an indepundent effect either on thi. lcring Image or' on the

Purkinjo image, a pheilomenon which con11irms t c correctiless of' th cmon-

cept ofl the fact that different levels of' nervoius orga•iuzat.lol.

tim:;eS aft e rimla.'c s.

iII expc'rImcItrs InIVOIVIlItg the Ii uciice o1 vt.ftlbular', po05i..Uj:L-

tlonal aft e'' reactiono and afilelr-sensil.iO1 (11ria,5) onl 1.11c co05: of*

Iho I'rurkin,1v visual af' .cvr.mag',U, de flnl, "C I , h :'ar: '.:;tic e Iia :wv'

were noted i'i !th latlir (Fl . , ). hi, reac I lor; 1 o i ha c,. or;a1 lo, of
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jar g ~ns1•, waa nccompanled in the majority of subjects by a

decrease in the duration of the Purkinje image and by its distortion

(movement) toward the side opposed to the sensation of counte'rrotation,

independently of subjective perception of the reaction in the form of

a sensation of counterrctation, which did not develop in P.ll sobjects

(Fig. 8, LSD). In a minority of subjects, the reaction to the cessa-

-tion of rotation conversely caused an increase in the duration of the

Purkinje image and its distortion in the direction of prior rotation

(Fig. 8, YeAP). After the cessation of the counterrotation reaction

and after a certain quiescent interval, postrotational after reactions

developed which, in the majority of subjects (but not always), was ac-

companied by the appearance of sensations of rotation or vestibular

after-sensations, while in other subjects no after-sensations whatso-

ever arose. As a rule, the Purkinje image was subject to distoit.ton
0

(movement) to one side or the other and to changes In its duration

and colored and neutral components (on the second-fiftil deietrmiI1tiloa1

after cessation of rotation) independently of' Owhie pcuncilce or absence

of subjective perception of the postrotationAt after reactiono: In

certain subjects (i 1,3D), the Purkinje visual image un -iderwent a cont-

sid(erable increase in duration and color saturation durinj; tlhe ys-

tibular aft.er-sensation, while in others (YeAP), this phenomeno,, wan

less marked.

If, with Fischv:r and Wodak, we as'limle i h;l.l wstjhii I :ilal,.r-

uctisatilon:" are Independent. of ocular nyzvtasimuris,it I,; nec.'r•inavy lo :if.-

knowled;:e that . hiei'.' f'1'ec1.s on 1ih lurkl,.!nI, visuiala :l (1'Imru,. I .1 of'

in racent ral characiv1'r.

'T'he talei rivyn abovrt shows ¶ ,, cimr ilal ,iv,: r•.'. 1neI : of' 'zl.,.lni ,.RI n

Onl thle co• r'ce of' 'lie irrkln,l' Imai ' a•i •ln t 1h,_- 1.aek:'olril of' 'h- r',-

action to e.ssatlion of io-.a1.1o- ali inrl'l , f': ui" ;t id ,, , -
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1) Experimental conditions- 2_) vestibular re-
actions; 3) perceivud,%; 45 unperceived, %;
5) Purkinje visual afterimage; 6) distorted,%;
73 undistorted, %; 8) rieaction to cessation of
rotation; 9) control: 1O) caffeine; 1i) benze-
drine; 12) strychnine; 13) first vestibular
after-sensation; 14) second vestibular after-
sensation.

tibular after-sensations (reactions), under experimental contiollcd

conditions and after, the administration of benzedrine, caffefl?1, and

- atrychnine. It, may be secn fiorii the table that all three drlmis, and

strychnine in particular, decrease the number of subjectively per'-

celved reactions to the cessation of rotation and it. may lbe oupposdrl

that all of t-hem increase the amount of distortion if the PIhrk.lrie

visual afterimage. Cafleine and bc'nzedvlne produce twice thA Ih•ilmr of'

* perceived vestibular after reactlions as occur mider 'tie contirol eoii-

ditions, while str;.,chnline produces onily approximately hl.1' an marry;

rnff.IrrI', h dr1inBE, and stA ILBchir COPY
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of distortion (movement) of the Purkinje visual afterimage during the .

first vestibular after-sensation. This is less marked during the see-

ond vestibular after-flensation. These experiments of ours are in

close correlation with the data obtained by Zagorul'ko, Komendantov,

Osipova, and Entina (1944, 1947), who showed that changes occur in

the development and course of vestibular after-sensations under con-

ditions of low barometric pressure and under the influenc8 of benzc-

drine. In the latter case, when the sensations consisted of' a lavgo

number of phases, this number was reduced, when they consisted of a

small number of phases, this number was increased, and in those sub-

jects in whom these sensations were lacking under the control con-

ditions, they now developed.

The monaural action of a sound is accompanied by a change in

the functional state of the auditory affer'ent system, which has con-

siderable influence on the course of the Her'ing visual afterimage;

very often, Lhe development time of the imagre is decreased and Its

br'ightness and size are increased; the first. of' these changes occuro

du(ring the second complex iniage in tho appearance of t.in thiec ih[plnj:

images and It quite of'ten decolorized.

The developmcnt time of the Hiering Image Is decreaned l.thipe t.1m'n

as often during the auditory after-senuation a. during the audltory

stimulation, causalun an Inciecaco In the decoloi'Izatlon of' the occond

dliot'ld 1111ma11e; the lcising: ImaeU oft,V1 iinc ITea-"In III L i'lt:hl.mei and

sizo. At the betgInninýt and end of 1.h1C audi. oil'y -.11.1 [fil]alo) A , tlh i. ,li'

Imajtge oft eno disappeav2 l'ris fly. A chang, aMo:o occur:; In: lh. :'1z,,:

imaje (' tm.1.inid I'n after ce ut al: I oI of' t e aud(t oi' .", ' i, '-:;,.nin:l Ioia:, wA(.

1hwcl I.s no mili jecllve porcepV lon of aiidll oi': aI'I .,'-,.,.,, Iui,,, (r:xpe1.!-

menrts of' 1040, 191)11). Analo.o' cs ,la a wO'",,; oh, u ld , ,d l'o' ' !.: If, 'kd .

I::'•,. b Na lklz ;v ll l'~lII " " ' I'',.... . .. .. ..



formation of visual afterimages is played by processes which occurd by.pr.ce.ses..h

in the lower, noncortical organization of the auditory afferent sye-

tem.an.which are not subjeotively pcrocived.

- 2 2 2 2 2 2 2 2 2

-- 4 I,,'ia 1
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multin loeard .iht of th ea, and thto.

Fig. 9. Curves showing development and course
of Purkinje afterimage during monaural sti-
mulation (lower- and right) of the ear, and the

same after administration of strychnine (upper).
Other specifications the same as for Fig. 2.
I) Sec; 2) db; 3) ain; 14) LSD.

Ourt further experimcrint showed that there is a constderable change

in the duration of' the Purkinje image during stimulation of' i.e aldui-

tory organ by sounds of' different loudrncascs (Fiig. 9, LSD). 'The effect

of auditory stimulation is intensified when the functional ntate of'

the central nervous system is altered by strychnine and caffeine

(Fil,. 9, MMCO).

We cannot as yet precisely indicat(, the place wh,.'e on•. afei'eiic,.

system acts directly on anothur, and Ini pavt.iular, w(, cannot Ihllow it.

which level of' the mt iraccnt. ial pathway; t li(: liileractl..on of' ilh vi'mual

afferent system, on lilt oi af hand, and t hce aidil.ory,' and labyi,liMthilr,

syst.ems, on the othier hand, arc effected. P in theoreti.cally pozt;it.,]e

to ausume that there. arc .:v..'a] levels of .tlevac i1on. Ilowev-I.', Ch111,
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is undoubtedly nothing but the fact that the relationship between a

subjectively perceived 'reaction (sensation) and an unperceived reac-

-• tion is a different level of relationship than that which occurs when

reactions of different afferent systems interact but are both subjec-

tively perceived. In this respect, we may state some very general con-

siderations. Ther'e lu no doubt that, during the phylogenetic develop-

ment of animals, culminating in man, there occurs an ever increasing

degree of morphological complication and augmentation of different

levels of nervous organization, each of which can effect phonoreactions,

photoreactions, and vestibular reactions of greater or lesser complex-

ity. It is precisely as a result of this that we cannot exclude tho

-- -..... - - -......... .

I•J ._ - ._ _%J?-

Fig. 10. Curves showing development and course oV
synesthetic visual sensations during monaural atilu-
lation of the eari. 'fii.' ij CL:Uo5 i.-.z Zhoin alon.
the ordinate. The frequenciez and lou-e:zieisen, of' 1Ow
s_ alon] at.ory coundo are shown at thy 3]-ft.. 'T't du ra -
t-io, of the aiidil.orny nt.lmulatiouu RC ludicat,:ld (ahovy)
by atrrows and waz bO neconud-o. 'J'h(.' soold ]incn. izidI-
cale auditory s,•noationo and file dot.ted 1 1.1e 1 .tridl -
Cate viwual uenscal",on3. 1) CycJ;us/..;Lc; "') dh:(i

possll.1ty.l y of' a Imi11 .1l.areu irit cract ion lr'.we:ct afI'e rev- -,y.-,i ' ;'o

L..A. Or'bell ':, poini of view, !lw. relationhilp 1,':lw,:,.i .iff'rui1 syl -'in;:

can also occ', al dite. . i, Vtels of cou, ic:ll cf-ru , I':;., wbI .,,.: a ,.fp

- '.0 -



governing the interaction between afferent systems.

The only demonstrable interaction of intracentral nature be-

tween afferent systems takes the form of synesthesia. The phenomenon

of synesthesia consists in the fact that the response to an adequate

stimulation of one sense organ consists not only in a sensation spe-

cific for that organ, but also in a second, accompanying sensation of

another modality.

Fig. 10 shows the results of experiments in which the develop-

ment of visual sensations was studied during monaural stimulation of

the auditory system, as a function of the loudness and frequency of

the stimulatory sound. The action of sonic frequencies from 100 to

10,000 cycles/second with loudnesses of from 10 to 100 db in accom-

panied by the development of visual sensations; thesc dcvclop aliter a

certain latent period, whose duration decreases as the loudness of

the stimulatory sound increases. The visual sensations do not always

disappear at the instant when sonic stimulation ceases, but continue

througji the development of the auditory aI'toi--sonnatlon and .wven ]oi,.-

or; one or two waves of' visual sensations are observed and we dcosignradt.

these as oynesthotic visual aftur-omnsationos (Imaens).

In the oxperiioni.o conducted by Kunotman and Oe'bell (19'3 3), hoth

synesthesia and synkinesis arise as a result of dIsruption(ov' under-

development) of' a composite, cooLdilnaltional nennoly or 1ot.o0 aeMlo1

when a certain sect.lon of a complhx coo0 <dinalotal ri.,e, ',oe., not

play :It : proper' vole (oi' (loe 1nO0 develop) and tilt- ba•].,neo' u|' 1rla;tl.li -

shlps h1c -tween i, Inivld'lal sections is disrupAtitd or wh,-n a -;yolt:. r. -

acuto wit ha spa c G Iflc activity in vruepons, I o 10 ye,;epiiui, of nio101npi: -

clflc excltation impulsoco at its centers. Under 1noi'al cordIllOti•o; of'

vital act lvii y, We "1r1 ^,il -,ect- ~LIhr o arit. '1*11age ..", niol ~r' 1jt ¶
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inhibited by the coordinational activity of the system. Consequentl~ y

we can, in this case, speak of irradiation of excitation from the cen-

ters of one afferent system to the centers of the other.

The interaction of afferent systems takes the formn of antagonis-

"tic, reciprocal relationships and synergetic relationships. Further-

more, the processes of inductive relationships - simultaneous and se-

quential, positive and negative induction - may be based on the inter-

action of afferent systems. In addition, when sufficiently strong

stimuli act on a sense organ, sympathetic innervation and, possibly,

hormonal coordination are involved in the mechanism of interaction.

In any case, no matter how confined we may be by our point of

view, the intracentral nature of the interaction of affcrent sysotums

remains indisputable.

It seems to us that the problem of the interaction of aflerent

systems which we have studied is also of importance in the patlho-

physiolog;y of nervois and psychological diseases, where t.ihe study of

the development and course of atLer reactions and aftcr'imaj',t; (Son-

sationo) is a useful method of' studying a patholo:rieal process, no

L.A. Oberli (1939) has shown.
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